Abstract: This paper reports on an application of the Theory of Planned Behavior to understand the relationships between the determinants (latent variables) comprising the Theory of Planned Behavior and, based on these findings, to guide decision-making related to household recycling in South Africa. Data from a representative sample of respondents in large urban areas (n = 2004) was analyzed using Structural Equation Modeling (SEM). The results of the SEM analysis showed a good fit of the survey data to the Theory of Planned Behavior theoretical model. The Theory of Planned Behavior explains 26.4% of the variance in recycling behavior and 46.4% of the variance in intention to recycle. Only 3.3% of South Africans in large urban areas show dedicated recycling behavior, considering the recycling of five materials: paper, plastic, glass, metal, and compostable organic waste. The recycling frequency item in the recycling behavior construct is the most likely to be over-reported. South Africans lack sufficient knowledge, positive attitudes, social pressure, and perceived control that would encourage recycling behavior. Awareness drives containing moral values (injunctive norms) and information about available recycling schemes, combined with the provision of a curbside collection service for recyclables, have the greatest chance to positively influence recycling behavior amongst South Africa's city dwellers.
Introduction
The waste management challenge is not unique to South Africa. The urban areas in "most lowand middle-income countries" receive unreliable and inadequate municipal solid waste management services (Bartone 2004:3) . Similar to other developing countries [1] [2] [3] [4] [5] , many municipalities in South Africa struggle to supply adequate waste management services [6, 7] . Waste collection coverage in Africa varies between 25% and 70% [8] . In 2012 about 68 million tons of the estimated 125 million tons of waste generated in Africa, was collected [9] . It is projected that by the year 2025 urban waste generation in Africa will reach 441,840 tons per day [10] . In addition to population growth that adds to the volumes of waste generated, increased consumption rates, excessive packaging, and throw-away attitudes aggravate the waste problem and puts pressure on the environment and on limited resources [11] [12] [13] .
In South Africa, the implementation of the waste management hierarchy, as envisaged in national legislation [14, 15] , provides the required enabling regulatory environment to support a circular economy, i.e., a closed loop system where secondary resources are reintroduced back into the economy. One of the many benefits of moving waste up the hierarchy is that recycling and energy recovery from waste displace the use of virgin resources, which in turn reduce the costs (financial, social, and environmental) associated with virgin resource extraction [16] [17] [18] . In 2011, the annual resource value of waste in South Africa was estimated at R25.2b-about 0.86% of South Africa's gross domestic
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For decades researchers have been searching for variables that influence behavior and to identify the variables affecting behavior the most. Published in the mid-1970s, some of the first studies on recycling behavior include the effect of information and incentives on paper recycling amongst resident university students [23] , the effect of attitude and personality on recycling [24] , the ascription of recycling behavior to ideological and demographic variables [25] , and the willingness to recycle glass and paper [26] . Over the years, conflicting results were published, for example, Weigel (1977) ascribed recycling to, amongst others, demographic variables [25] , but later studies showed no direct effect of demographic variables on behavior [27] [28] [29] [30] .
In the waste management domain popular theories that have been applied in an attempt to explain recycling behavior include, amongst others, the Theory of Reasoned Action (TRA), the TPB, and Schwartz's (1977) Theory of Normative Conduct [31] , to name a few. Over the years the TPB has been used in many research fields to understand behavior [32] . Examples include human health (refer to the 1996 Godin and Kok review of studies using the TPB in behavior related to health [33] ), water conservation [34] , and waste recycling [35] [36] [37] [38] . Thus, a wealth of empirical data supports and contributes to the popularity of the TPB [39] .
Critique against the TPB is also documented. One of the main criticisms of the TPB is that the model finds it difficult to predict behavior that is not out of choice or preference, or that requires resources and skills [40] . In addition, acknowledging that beliefs and attitudes are important; Boldero (1995) concluded that the TPB is inadequate to explain recycling behavior [41] . Ajzen and Madden (1986) noted that although a person can decide to act a certain way, the successful execution of the behavior relies on external factors such as the availability of resources [42] . If barriers that prevent the action are removed, the action is also more likely to happen [43] . Despite being criticized [41, 44] , the TPB is one of the most widely-used and most-supported theories to explain recycling behavior [45] [46] [47] [48] .
Theoretical Framework
Based on the concepts explained in Dulany's Theory of Propositional Control, Ajzen and Fishbein developed the TRA, the forerunner of the TPB, with the addition of predictions of specific intentions and behavior [49] . The Theory of Propositional Control explains that behavior is not necessarily strengthened by reward or discouraged by punishment [50, 51] . Rather, "people form a conscious intention [a] behavioral intention" to act a certain way [50, 51] (p. 440). The behavioral intention (BI) is determined by the beliefs that a specific behavior will have a desired outcome, the value attributed to the outcome, the perception that a specific behavior will contribute to the outcome, the perception of the correctness of the behavior, and perceptions of the degree to which the specific behavior is expected [50] . In other words, people's intentions depend on their motivation to comply with what they believe is a desired action, what they feel is expected of them and "what they think they are supposed to do" [50] (p. 440). Dulany's theory of BI does not nullify the value of positive reinforcement, but emphasizes the role of people's beliefs [50] .
According to the TRA, an intention to act is a precursor to the behavior related to the same act [49] . In turn, attitude towards the behavior and social pressures (subjective norm) are determining factors of the intention to perform a certain action [49] . Attitude is a personal factor which refers to a person's evaluation of the behavior. Subjective norm is a social factor which refers to the "perceived social pressure" to comply with a certain behavior, where social pressure is defined as the perceptions, beliefs, and judgments of other household members and community members related to recycling. Both attitude and subjective norm are grounded in the belief systems of a person [42] (p. 454). While subjective norms are the construct where the "influence of relevant others" are expressed [52] , attitude is a more personal construct-an expression of the "self" [31] .
The TPB expand on the TRA by including perceived behavioral control (PBC), which is a reflection of people's beliefs or "confidence in their ability to perform" a certain action [42] (p. 457), as well as an indication of the "available resources and opportunities" [42] (p. 459) (Figure 1 ). PBC has an additional effect on people's intention to act, which is independent of either attitude or subjective norm [42] . Apart from the intention to act, the executing of a behavior is also dependent on a person's perception of the ability to perform the specific behavior-how easy or difficult it is to perform the specific action. Thus, PBC exerts pressure on the intention to behave, but also independently on the behavior itself [53] .
To allow comparison with similar studies conducted in developed and developing countries, and with guidance for phrasing of the construct statements of the TPB model [36, 54, 55] , the TPB is also used in this study to explain and help understand recycling behavior in urban households in South Africa.
Research Question
This study addresses the following research question. Within the context of the status of postconsumer recycling in South Africa, which interventions at household level would be the most successful to encourage and maximize postconsumer recycling behavior in South Africa?
The subquestions interrogated in this paper are listed below.
• Which variables have the greater effect on recycling behavior (within the framework of the TPB)? • Are the findings from the South African baseline study similar to the findings of international studies of domestic waste recycling behavior to allow generalization and thus co-learning across boundaries? Figure 1 shows the TPB model as described in the theoretical framework (Section 2.1). The hypotheses are defined as follows: H 1 A positive attitude towards recycling has a positive and direct effect on the intention to recycle. H 2 Subjective norm, i.e., the social pressures to recycle (the beliefs and the judgments) has a positive and direct effect on the intention to recycle . H 3 Perceived behavioral control has a positive and direct effect on the intention to recycle. H 4 Intention to recycle has a positive and direct effect on recycling behavior. H 5 Perceived behavioral control has a positive and direct effect on recycling behavior. H2 Subjective norm, i.e., the social pressures to recycle (the beliefs and the judgments) has a positive and direct effect on the intention to recycle.
Hypotheses
H3 Perceived behavioral control has a positive and direct effect on the intention to recycle. H4 Intention to recycle has a positive and direct effect on recycling behavior. H5 Perceived behavioral control has a positive and direct effect on recycling behavior. 
Method

Research Design
A quantitative research method was followed to apply the TPB to waste recycling behavior in South Africa. A fixed form survey which allowed the selection of options was used to gather data from a relatively large sample (n = 2004) within a short period of time [56, 57] . A structured questionnaire standardized the interview process and ensured that the same questions were posed in the same way [57] .
Sampling
A random probability sampling method was followed to obtain a representative sample of the South African population in the large urban areas [56] , i.e., metropolitan areas and cities with a population size of 250,000 or more and included Cape Town, Johannesburg, Durban, East Rand, Pretoria, Port Elizabeth, the Vaal area, East London, Pietermaritzburg, Bloemfontein, and Welkom ( Figure 2 ). For the standard random selection procedure starting points were selected at random and a Kish-grid used to select individual respondents [58] . A large sample size of 2000 was chosen to reduce the effect of sampling errors [56, 59, 60] . 
Method
Research Design
Sampling
Questionnaire Design
Being part of a larger survey, one of the questionnaire sections made up the constructs of the TPB. The TPB constructs contain statements which measured respondents' behavior, intentions to behave, attitudes, subjective norms, and perceived behavioral control. The sequence of questions can influence survey results [60] . Therefore, the behavior questions preceded the attitude questions to prevent alignment of the easier factual accounts of behavior to the aspirations acquired with answering the attitude and other questions [60] . The starting point of items within a set, e.g., the attitude items, was also rotated.
Where applicable, and similar to many other TPB studies [54] , 7-point Likert-type rating scales [61] and 7-point semantic differential scales were used. The statements were anchored on either side with strongly agree/strongly disagree or, for example, with bad/good.
Theory of Planned Behavior Latent Variables
A summary of the items that made up each of the constructs of the TPB is provided below.  Recycling behavior-seven items in total: recycling frequency (one item with seven options: never, almost never, seldom, sometimes, often, almost always, always); taking responsibility for recycling in the household (one item with four options: no one, not me/someone else, I am, I am and sometimes someone else is); and, a qualitative measurement of recycling quantity (five items with seven options: nothing, very little, some things, about half, most of everything, almost all, everything) for five streams of recyclables with space to specify additional recyclables.
 Intention to recycle-seven items, four items testing the probability of recycling under various circumstances and three items testing the probability of executing various recycling activities: sorting; putting out recyclables for collection; and, taking recyclables to collection points (refer to Table 3 for set of items).
 Attitude towards recycling-seven items starting with "For your household to recycle is" anchored on either side with, e.g., bad/good (refer to Table 4 for set of items).
 Subjective norm-five items: two statements about motivation to comply and three items about the perceptions of others (refer to Table 5 for set of items).
 Perceived behavioral control-six items: three items measure opportunity to recycle and three items ability to recycle (refer to Table 6 for set of items). 
Questionnaire Design
Theory of Planned Behavior Latent Variables
A summary of the items that made up each of the constructs of the TPB is provided below.
• Recycling behavior-seven items in total: recycling frequency (one item with seven options: never, almost never, seldom, sometimes, often, almost always, always); taking responsibility for recycling in the household (one item with four options: no one, not me/someone else, I am, I am and sometimes someone else is); and, a qualitative measurement of recycling quantity (five items with seven options: nothing, very little, some things, about half, most of everything, almost all, everything) for five streams of recyclables with space to specify additional recyclables.
•
Intention to recycle-seven items, four items testing the probability of recycling under various circumstances and three items testing the probability of executing various recycling activities: sorting; putting out recyclables for collection; and, taking recyclables to collection points (refer to Table 3 for set of items).
Attitude towards recycling-seven items starting with "For your household to recycle is" anchored on either side with, e.g., bad/good (refer to Table 4 for set of items).
• Subjective norm-five items: two statements about motivation to comply and three items about the perceptions of others (refer to Table 5 for set of items).
• Perceived behavioral control-six items: three items measure opportunity to recycle and three items ability to recycle (refer to Table 6 for set of items).
Testing of the Questionnaire
The draft questionnaire was tested in a pilot study to be able to sharpen the measuring instruments, to identify ambiguities and questions which might cause uneasiness, and to ensure workability of the data [56, 60] . During the course of one day, tenants and shoppers in a shopping center were approached and the purpose of the study explained. The volunteers were offered a paid-for hot drink at a pre-arranged coffee shop where they could sit and relax while completing the questionnaire.
Fifty-nine individuals completed the pilot questionnaire on an anonymous basis. Each construct (measuring tool) was tested statistically for consistency and reliability. After completion of the pilot study the questionnaire was shortened to only include those questions that would add the most value.
Data Collection
Due to the nature, sample size, time frames, and geographical distribution of the proposed sample, a professional survey company that was able to meet the survey requirements, was contracted to include the questions in their annual survey. The interviews were conducted face-to-face at respondents' homes. If a respondent refused to participate, the respondent was substituted using the same procedure in another household. At no stage was or can the identity of the individual respondent be linked back to the data.
The CSIR provided the wording of an accompanying briefing pamphlet which stated the purpose of the study, how the information will be used, and on whose behalf the specific part of the survey is conducted. The relevant contact details of the principle researcher and the CSIR Research Ethics Committee member were provided. The first statement on the questionnaire was a tick box with an acknowledgement from the participant that he/she received the pamphlet and was sufficiently informed before answering the questions. Participation was on a voluntary basis without receiving any rewards or incentives for taking part in the survey.
Statistical Method
Analysis
The TPB was tested by fitting a structural equation model (SEM) to the latent variables. First, each of the constructs was examined for reliability (i.e., if similar results are likely to be obtained with a retest) and unidimensionality (whether the items in a construct work together to measure one latent trait). The Guttman's lambda 6 (λ 6 ) [62] , as well as the criticized [63] , but still widely used Cronbach alpha (α) [64] and McDonald's omega (ω) report reliability, and Revelle's beta (β) report internal consistency [65] .
Thereafter, the mean score of the items within each construct was calculated in order to obtain a summary score for each construct (measuring instrument). The next step was to test the effect(s) of the constructs on recycling behavior. The objective of the statistical analysis was to test whether the theoretical TPB model could be supported with a statistical significant model based on the collected data. Structural equation modeling (SEM), using partial least squares path modeling (PLSPM) was used. As a final check, classification and regression trees and random forests (results not shown) were also used to confirm the predictive ability of the various constructs on recycling behavior. The package R was used for the statistical analysis [66, 67] .
MS Excel was used for descriptive statistics (graphs, frequency tables, etc.), to describe averages and for determining measures for variability and relationships between variables (correlation and regression analyses).
Treatment of Inappropriate Answers
A small number of respondents gave "not applicable" or "do not know" answers which do not form part of the 7-point scales. Of the 33 respondents that indicated they do not know how often their households recycle, 29 respondents selected the "nothing" option in the statements that tested the quantity households recycle and their "do not know" option was subsequently changed to "never". The remaining four respondents' "do not know" option for frequency of recycling was also scored to match their recycling quantity scores. The 33 respondents represent 1.65% of the total sample group. Given the large sample size (n = 2004), these adjustments should have no significant effect, even if the modified scores are incorrect by more than 2 units. The occurrence of inappropriate answers to other items was low and was thus treated as missing. The statistical methods make provision for such instance by dropping those observations with missing values in the specific analyses affected by the missing information, but retaining information of non-missing values in other analyses.
Assumption
It was assumed that if the respondent reports no recycling behavior in his/her household, then the respondent do not recycle at home. However, some over-reporting of individual recycling behavior is possible where the respondent do not recycle but someone else in the household does. This possibility is captured in the responsibility item of the recycling behavior construct.
Results and Discussion
Sample Profile (Demographic Composition)
This study targeted a representative sample of households in the larger urban areas in South Africa. A total of 2004 households in 11 large urban areas, including all metropolitan municipalities, were interviewed. The demographic composition of the sample is provided in Appendix A, Table A1 . Table 1 shows the descriptive statistics for each of the constructs (the latent variables), i.e., the means, as well as the values per percentiles. Tables 2-6 Where 1 = the lowest possible score, and 7 = highest possible score.
Recycling Behavior
Of the total sample group (n = 2004), 540 of the respondents' households (26.9%) reported recycling behavior. The rest of the respondents (n = 1464; 73.1%) with a recycling behavior score of 1 (B = 1), reported no recycling activity in their households. The 26.9% recycling households includes those who, for example, reported very little recycling of one type of recyclable material only. Eighteen percent (18.5%) show very little recycling activity, which is indicated with a recycling score of 2-3. Only 3.3% of the respondents reported that their households often recycle about half or more of all their recyclables (recycling scores greater than 4). The low mean recycling behavior score (x-bar =1.44) confirms the low percentage of households in which recycling behavior is reported (Table 2) . The recycling behavior construct consists of three components: a "recycling frequency"-item; a "taking responsibility for recycling in the household"-item; and a "recycling quantity"-item (Table 2) . Recycling quantity is measured by the average of the "quantities" reported to be recycled of each of five recyclables (paper, plastic, glass, metal, and compost) reported as being recycled. A comparison of the three main components that make up the recycling behavior construct shows that the average for recycling frequency (x-bar = 1.76) is higher than for taking responsibility (x-bar = 1.44) and for quantities recycled (x-bar = 1.35) ( Table 2 , main components). In addition, some respondents (3.4%) indicated that their households sometimes recycle, but failed to indicate recycling quantities of any recyclable materials. These 68 respondents form part of the 18.5% respondents that reported very little recycling activity. The data thus suggest some over-reporting of recycling behavior which mainly originates from the frequency item. Being one of seven items in the behavior construct, the effect of the over-reporting of recycling frequency on recycling behavior is smaller than it would have been if recycling frequency was the only item measured for recycling behavior.
The overall higher self-reporting for recycling frequency compared to recycling quantities is most probably due to two reasons: firstly, it is easier to over-report recycling behavior on a "soft" frequency measurement than on actual physical quantities of items recycled; and secondly, the frequency question was asked first and thus before the reality check of the actual quantities. A possible third reason is that there is no correlation between recycling frequency and recycling quantities. However, the data show that the correlations are significant (p < 0.001) and of medium to high strength, depending on the recyclable material [68] , i.e., correlation factors between recycling frequency and the "quantity" of paper, glass, metal, plastic, and compostables are 0.723, 0.648, 0.496, 0.671, and 0.467, respectively (Appendix A, Table A2 ). It is noteworthy that paper recycling is probably the most-established in South Africa, with the Ronnie bag collection system operating in many areas for more than 30 years.
Due to the random probability-sampling method the results for recycling behavior can be extrapolated to the South African population in the larger urban areas of the country. Given that the self-reported recycling behavior is expected to be higher than what it would be if measured [30, 45] , the reported results may reflect an optimistic view of the domestic recycling situation in South Africa. However, it should be noted that the purpose of the study was not to gather actual recycling-rate data. Although self-reported, the recycling behavior results provide valuable insight into recycling tendencies in South Africa at a given point in time-after the NEWWA came into effect but before wide implementaton of separation of waste.
The domestic recycling reality, as indicated by the results of this South African study, is that, at the time of the waste recycling survey (November 2010), the majority of South African households (73.1%) in large urban areas did not recycle. Only a small fraction of urban households (3.3%) recycled most of their household waste on a fairly frequent basis.
Intention to Recycle
The majority of respondents either expressed no intention to recycle or low levels of intention to recycle (x-bar = 3.76) ( Table 3 ). The results suggest that respondents are more likely to recycle if their recyclables are collected at curbside (x-bar = 4.21) than when they have to take recyclables to collection points (x-bar = 3.42). The likelihood that respondents will recycle also decrease the further the collection points are from their homes. The item that shows the lowest mean score (x-bar = 3.33) is the one implying travelling to a collection point the furthest away. Where 1 = the option very unlikely or not willing at all (no intention), and 7 = the option very likely or very willing (high level of intention).
It should be noted that the items are phrased to capture perceived distances, because a 2 km distance is just around the corner for someone who can drive there, but for someone who has to carry a bag of recyclables, it is a long distance. The role of the convenience factor in intention to recycle is emphasized by the difference in mean scores of two of the items, namely " . . . if curbside collection for recyclables in area" (x-bar = 4.21) and "if to put recyclables out separately for curbside collection" (x-bar = 3.92). The latter, through the use of the word "separately", implies multiple sorting of recyclables, which is not so explicitly expressed in the first item. The results thus suggest that people would be more willing to recycle should they be serviced with a 2-bag system which is collected at curbside, compared to multiseparation of recyclables.
The results suggest that the intention to recycle is overruled by the practical reality of being able to recycle. The curbside collection item is the only item with a positive score (x-bar > 4.00) in the IR construct. The majority of respondents feel negative about taking their recyclables to drop-off points (x-bar < 4.00). The willingness to take recyclables to collection points decrease significantly the further the perceived distance to the collection point is. Since the majority of the respondents reported that the household does not have a motor vehicle in the household (Appendix A, Table A1 ), longer distances to recycling points are problematic for household recycling behavior.
Attitude Towards Recycling
With the mean score for attitude towards recycling (x-bar = 3.86) being less than the neutral point of 4.0 (Table 4) , the majority of respondents has a negative attitude towards recycling. Only four respondents in total chose the "do not know"-option and only on a single item, which suggest that the respondents do have an attitude and that this attitude leans towards the negative, rather than not having formed an attitude, yet. Due to the random sampling method the results can thus be extrapolated to suggest the existence of an overall negative attitude towards recycling among South African city dwellers. Within the attitude construct, the moral component as represented by the item "for your household to recycle is bad/good", shows the highest score (x-bar = 4.12) of all the attitude items. The "for your household to recycle is a hassle/easy" item shows the lowest mean score (x-bar = 3.48), and could be an indication of the influence of perceived convenience of recycling on householders' attitude towards recycling.
Social Pressure to Recycle (Subjective Norm)
The majority of respondents reported that they experience a lack of social pressure to recycle (x-bar = 3.37) ( Table 5 ). The two items, "most of the people important to you want you to recycle" and "it is expected of you to recycle" show the lowest mean scores (x-bar = 2.96 and 3.27, respectively), and could indeed be a true reflection of the situation in South Africa, given the small percentage (3.3%) of respondents that reported that they engage in meaningful recycling (B > 4). Thus, extrapolated to the South African population, the individuals among family, friends, neighbors, and other significant people that would expect of others or exert pressure to recycle on others is part of a small group of South Africans. Nonrecyclers do not recycle and therefore would not be able to either be a recycling role-model or exert pressure to recycle in the manner that recyclers would be able to. In fact, someone who recycles would fall outside the norm of this-is-how-things-are-done-around-here, which suggests that the descriptive norm would not be pro-recycling. This is in line with the conclusion of Cialdini and coworkers [69] (p. 231) that an intervention which focuses on the descriptive social norm will only be successful in cases where the majority of people already conform to the desired behavior. If the majority do not recycle, the person who recycles would rather be considered and feel the odd one out. Minato (2012) also warns that the pressure through descriptive norms decline due to degrading social networks [70] . Another angle from which to interpret the results is that one would suspect that the respondents with high recycling behavior scores are represented by the high subjective norm scores, but with a correlation of 0.49 this only suggest a relationship of medium strength (Appendix A, Table A3 ). A large percentage of those respondents from reportedly recycling households also do not experience any social pressure to recycle. Thus, it can be argued that the recyclers tap their motivation to recycle from a source independent of what others expect of them. It can be speculated that injunctive norms (moral values) could be a driver for recycling behavior, but because the questionnaire is weak on injunctive norm items, this possibility should be further researched.
Perceived Control over the Act of Recycling
The average (x-bar = 3.30) of the perceived behavioral control measurement is less than the neutral point (x-bar = 4.00). This result suggests that respondents do not feel that they have control over their ability to recycle (Table 6 ). All items making up this construct scored less than the neutral point. Albeit negative (x-bar < 4.00), the item "you know how to recycle" which represents a knowledge component, has the highest average (x-bar = 3.81) of all the perceived behavioral control items. The item "To recycle is difficult/easy" addressing the perceived difficulty to recycle and, also suggesting an underlying knowledge component, has the second highest score (x-bar = 3.59). The data thus suggests that, although the knowledge component of perceived behavioral control is not the main hurdle to overcome to change people's perceptions of their control over their ability to recycle, there is still a lack of sufficient knowledge among the majority of South Africans. The respondents perceived the opportunity to recycle ("The opportunities for you to recycle are none/plenty") less favorably (x-bar = 3.49) than the two knowledge items discussed above. But, the availability of recycling scheme items ("There are recycling schemes in your area" and "The necessary resources and facilities are available"; x-bar = 3.01 for both items) and the awareness of recycling scheme item fared the worst (x-bar = 2.94). Respondents thus feel that they do not have control over the act of recycling, especially in terms of where to recycle. Focused awareness-creation initiatives on the location of recycling drop-off infrastructure are thus needed.
Testing the Theory of Planned Behavior Model
The behavior, intention to recycle and attitude constructs show excellent reliability and internal consistency ( Table 7) . The reliability and internal consistency of the subjective norm and perceived behavioral control constructs are good. Thus, it was decided to keep all the items of all constructs. The results of the SEM analysis show a good fit of the survey data to the TPB theoretical model (Table 8) . Table 8 . Goodness-of-fit statistics for the fitted SEM model. The regression coefficients (βeta) are shown in Table 9 . The proportion of variance explained for IR and B is shown in Table 10 and Figure 3 . The TPB explain 46.4% of the variance in intention to recycle and 26.4% of the variance in recycling behavior (B) (Figure 3) .
Model Fit Criteria
Fitting the TPB model to the survey data shows that the subjective norm (SN) (β = 0.590) has greater influence than either attitude (A) (β = 0.275) or perceived behavioral control (β = 0.020) on intention to recycle. The relatively strong and significant relationship (β = 0.590; p < 0.0001) between subjective norm and intention to recycle supports H 2 . Overshadowed by the effect of subjective norm on intention to recycle, attitude results in having a smaller (β = 0.275), though significant (p < 0.0001), effect on intention to recycle (H 1 ). Perceived behavioral control shows an insignificant effect on intention to recycle (β = −0.020; p = 0.54) and thus rejects H 3 . With R 2 = 0.464, the three variables attitude, subjective norm, and perceived behavioral control together account for 46.4% of the variance in intention to recycle. Both intention to recycle and perceived behavioral control influence recycling behavior, accounting for 26.4% of the variance in recycling behavior (R 2 = 0.264). Perceived behavioral control has a significant effect on recycling behavior (β = 0.276; p < 0.0001) (H 5 ). The TPB explain 46.4% of the variance in intention to recycle and 26.4% of the variance in recycling behavior (B) (Figure 3) . Fitting the TPB model to the survey data shows that the subjective norm (SN) (β = 0.590) has greater influence than either attitude (A) (β = 0.275) or perceived behavioral control (β = 0.020) on intention to recycle. The relatively strong and significant relationship (β = 0.590; p < 0.0001) between subjective norm and intention to recycle supports H2. Overshadowed by the effect of subjective norm on intention to recycle, attitude results in having a smaller (β = 0.275), though significant (p < 0.0001), effect on intention to recycle (H1). Perceived behavioral control shows an insignificant effect on intention to recycle (β = −0.020; p = 0.54) and thus rejects H3. With R 2 = 0.464, the three variables attitude, subjective norm, and perceived behavioral control together account for 46.4% of the variance in intention to recycle. Both intention to recycle and perceived behavioral control influence recycling behavior, accounting for 26.4% of the variance in recycling behavior (R 2 = 0.264). Perceived behavioral control has a significant effect on recycling behavior (β = 0.276; p < 0.0001) (H5).
The results from this study suggest that perceived behavioral control carries more weight (H5) than intention to recycle (H4) in explaining recycling behavior. Typically, in studies where the behavior is likely to not only be affected by personal motivation, but also by other factors such as the availability of resources and access to services, perceived behavioral control appears to have a greater influence on intention [33] . This is in line with the argument that the effect of perceived behavioral control varies with the availability of curbside recycling schemes [36] .
The small influence of attitude on intention to recycle (β = 0.275) is in line with findings of Martin et al. (2006) that a positive attitude towards recycling does not guarantee recycling behavior [72] . The attitude-behavior link proves to be strong where there is no "resources and cooperation" needed [40] . The relatively weak link between attitude and intention to recycle, which was found in this study, could thus be ascribed to ancillary variables and situational factors not accommodated or explained through the TPB. Although A is not the variable with the strongest/largest effect, attitude does contribute to the intention to recycle. Awareness-raising initiatives to improve people's attitudes towards recycling have a better chance for success should it include a moral component.
With the TPB explaining 26.4% of the variance in recycling behavior, the results from this study compares well with the Armitage and Conner meta-analysis of 185 behavioral studies dated pre-1998 [45] . The meta-analysis found that, on average, the TPB explained 27% of the variance in The results from this study suggest that perceived behavioral control carries more weight (H 5 ) than intention to recycle (H 4 ) in explaining recycling behavior. Typically, in studies where the behavior is likely to not only be affected by personal motivation, but also by other factors such as the availability of resources and access to services, perceived behavioral control appears to have a greater influence on intention [33] . This is in line with the argument that the effect of perceived behavioral control varies with the availability of curbside recycling schemes [36] .
With the TPB explaining 26.4% of the variance in recycling behavior, the results from this study compares well with the Armitage and Conner meta-analysis of 185 behavioral studies dated pre-1998 [45] . The meta-analysis found that, on average, the TPB explained 27% of the variance in behavior and 39% of the variance in intention to act [45] .
Armitage and Conner (2001) point out that, over the years, researchers measured the IR construct in different ways [45] . The IR construct is a measure of "how hard people are willing to try or how much effort they would exert to perform the behavior" [43] (p. 181). Distinguishing between intentions and self-predictions of behavior, it is argued that self-predictions (the likelihood to perform a behavior) provide a better prediction of behavior than intentions [45] . The inclusion of likelihood to recycle statements in the IR construct is a possible explanation for this study's higher explanation value of intention to recycle (46.4%) than Armitage and Conner's meta-analysis average of 39% [45] .
Respondents show a higher probability that they intend to recycle than what their self-reported behavior suggests. In the behavioral sciences this is one of the challenges of predicting behavior [40] . There are several external factors that influence the path between intention and action even though the best intentions might exist. Examples may include a family crisis, or just forgetting to put out the recyclables, or a breakdown of a motor vehicle which makes it impossible to take recyclables to the drop-off center. The best intention might also be deliberately suppressed or ignored, for example due to unfavorable weather conditions on recycling day. Thus, from a personal point of view a person may be a recycler, but the actual recycling behavior may be absent.
Similar to what other studies showed [30, 55, 73] , this study with 26.4% of the variance explained by the TPB, suggests that there are other variables than those proposed in the TPB that appears to have an effect on recycling behavior.
The importance of perceived behavioral control as the construct with the largest effect on recycling behavior in the TPB model, confirms that people should feel in control of their ability to recycle. One manner in which to promote a sense of control is through buy-in, e.g., through allowing communities to co-design their recycling services, because a waste scheme that is acceptable and functional in one area might not be suitable for another area [74] . Thus, through co-designing of recycling schemes, the necessary buy-in and awareness of the recycling facilities can be created. Co-designing also creates opportunity for established co-responsibility-a moral imperative (injunctive norm) which has the potential to be more successful at creating social pressure than descriptive norms in a society where recycling behavior is very low. Co-designing of a recycling scheme would also serve as a direct communication of the importance of the communities' participation in recycling and indicate that the municipality/recycling company takes recycling seriously (descriptive norm). Another advantage of co-designing of recycling schemes would be that potential leaders of the recycling initiative in communities would be identified. These leaders could assist with future recycling related communications and also through playing the part of much-needed role-models. In addition, recycling needs to be reinforced as a normative behavior through, e.g., well-targeted recycling advertisements, awareness creation, and the deliberate visibility of recycling bins.
Conclusions and Recommendations
The study shows that at a point in time, November 2010, before the NEMWA was widely implemented, about a quarter (26.9%) of South Africa's city dwellers engaged in some form of recycling which include their paper and packaging waste as well as compostable garden and/or food waste. Only 3.3% of the respondents reported that they recycle about half or more of their recyclables on a frequent basis. While the TPB remains a useful model for examining the variables that affects recycling behavior, the TPB explains 26.4% of the variance in recycling behavior and 46.4% of the variance in intention to recycle. Compared to intention to recycle, which has a far smaller effect on recycling behavior than expected, perceived behavioral control appears to be the most important variable to explain recycling behavior. This confirms that there are other variables than those proposed in the TPB that appears to play an important role in recycling behavior.
It is encouraging that respondents are positive about their intention to recycle should they have a curbside collection for their recyclables, especially given the very low self-reported recycling score and the negativity that is overwhelmingly present in all the variables. The results also suggest that a less complicated and more convenient 2-bag waste collection system to accommodate the collection of recyclables at curbside has the greatest potential to be supported and thus encourage household recycling. The results strongly suggest that awareness raising that has the greatest chance to influence recycling behavior positively, should contain a balanced mix of moral values (injunctive norms) and information about available recycling schemes. However, raising awareness would be meaningless without a positive contribution to householders' perceived behavioral control over their ability to recycle. One way to alleviate perceived behavioral control is through the provision of tailor-made recycling schemes to fit communities' particular needs. While co-designing of recycling schemes would be beneficial for creating buy-in, such schemes should continue to operate as designed to ensure that the sense of having control over the act of recycling is obtained and maintained. For example, even the best designed recycling scheme will not show the envisaged results if such a scheme is failing or not well maintained.
The recommendation to policy-makers is to provide the most convenient and least complicated curbside collection for recyclables, such as a 2-bag collection system. However, it is important to acknowledge the need for diversity in designing recycling schemes, as well as the effect of continuity, reliability, and maintenance of recycling schemes on recycling behavior. Thus, the challenge for waste management is the ability to create an enabling environment in South Africa that would not only encourage recycling behavior, but also ensure continuation of recycling behavior. In particular recycling of the materials currently recycled in the lowest quantities, i.e., garden and food waste, metals, and glass, would benefit from improved recycling facilities.
The implication of this research is that over time, as South Africans become more aware of recycling, and recycling behavior thus would have shifted from the current baseline for recycling, that the strategies to further improve recycling behavior needs to be adapted to the changed needs at the particular point in time. It should also be acknowledged that South Africa is a country with much diversity which complicates generalization. It can thus be dangerous to be prescriptive on the best ways for improving recycling behavior without considering specific areas, its unique characteristics due to its local set-up, and operating within its local constraints. Furthermore, some of the findings need clarification which confirms the need for further research. 
